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GHQVH H[SDQGDEOH FOD\7KH VWXG\ RQO\ UHIHUUHG WR WKH SHUIRUPDQFHRI WKH VXSHUFRQWDLQHUV LQ WKH XSSHU ³VHDOHG´
QRQKHDWHG]RQH
7KH9'+KDVP LQGLDPHWHUDQG WKH VXSHUFRQWDLQHUVDUHP ORQJ LQGLDPHWHU7KHFDVLQJVXUURXQGLQJ WKH
VXSHUFRQWDLQHULVRFFXSLHGE\DGHQVHFOD\EORFNDQGD+/:FDQLVWHU7KHVDPHW\SHRIVXSHUFRQWDLQHULVDOVRXVHG
LQWKHNP]RQHEXWILOOHGRQO\ZLWKFOD\3XVFKHWDO7KHUDWHRIVWLIIHQLQJRIWKHPXGFDQEHDGMXVWHGE\
FKDQJLQJWKHGHJUHHRIZDWHUFRQWHQWRIWKHGHQVHFOD\LQWKHVXSHUFRQWDLQHUVDQGWKHSULPDU\REMHFWLYHRIWKLVVWXG\
ZDV H[SHULPHQWDOO\ VWXG\ WKH HYROXWLRQ RI WKH VKHDU VWUHQJWK RI D W\SLFDO PXG FDQGLGDWH VXUURXQGLQJ D PRGHO
VXSHUFRQWDLQHU ZLWK LQLWLDOO\ IXOO\ ZDWHU VDWXUDWHG YHU\ GHQVH H[SDQGDEOH FOD\ 7KH VWXG\ RQO\ UHIHUUHG WR WKH
SHUIRUPDQFHRIWKHVXSHUFRQWDLQHUVLQWKHXSSHU³VHDOHG´QRQKHDWHG]RQH

([SHULPHQWDO
2.1  Material 
 
7KHVPHFWLWHULFK+ROPHKXVFOD\ZDVXVHGLQWKLVVWXG\,WLVDWHUWLDU\FOD\SUHVHQWLQODUJHTXDQWLWLHVLQVRXWKHUQ
'HQPDUN FRPSRVHGPDLQO\ RIZHDWKHUHG VRLO IURP WKH%DOWLF DUHD$IWHU VHGLPHQWDWLRQ LW XQGHUZHQW GLDJHQHWLF
SURFHVVHV3XVFKHWDOF)RUWKHH[SHULPHQWVDLUGU\UDZ+ROPHKXVFOD\ZLWK&DDVPDMRUDGVRUEHGFDWLRQ
ZDVFUXVKHGDQGWKRURXJKO\PL[HGWRHQVXUHKRPRJHQHLW\

2.1.1. Mineralogy and Chemical Composition 
 
+ROPHKXV FOD\ UHSUHVHQWV D JURXS RI H[SDQGDEOH FOD\VZLWKPL[HGOD\HU ,OOLWH6PHFWLWH ,6 VWUXFWXUH 6PHFWLWH
PDNHVXSRI WKLVSKDVH7KHPLQHUDOVDQGWKHHYDOXDWHGHOHPHQWFRPSRVLWLRQRI+ROPHKXVFOD\DUHJLYHQLQ
7DEOHDQG3XVFKHWDOF
7DEOH0DMRUDGGLWLRQDOPLQHUDOVZHLJKWSHUFHQWDJHV

 
 

7DEOH0DMRUHOHPHQWVLQ+ROPHKXVFOD\ 
(OHPHQW
6L2 $O2 )H2 0J2 &D2 1D2 .2
      
7KHFDWLRQH[FKDQJHFDSDFLW\RIUDZ+ROPHKXVFOD\LVLQWKHLQWHUYDOPHTJ
2.1.2  Geotechnical Properties 

6LHYLQJRIFUXVKHGDQGPLOOHGPDWHULDOWKDWKDGEHHQGULHGDW&JDYHDJUDLQVL]HFXUYHZLWKPD[LPXPRIPP
JUDLQVL]HDQGVPDOOHUWKDQPP3XVFKHWDOF6XFKPDWHULDOZDVXVHGLQWKLVSUHVHQWVWXG\7KH
K\GUDXOLF FRQGXFWLYLW\ZDV HYDOXDWHG IURP RHGRPHWHU WHVWV ZLWK K\GUDXOLF JUDGLHQWV UDQJLQJ IURP PP
PHWHUZDWHUKHDGSHUPHWHUIORZOHQJWKDWURRPWHPSHUDWXUHZLWKXVLQJRI'DUF\¶VODZ7KHFRQGXFWLYLW\GDWDDQG
WKHVZHOOLQJSUHVVXUHZKLFKZDVPHDVXUHGLQWKHFRXUVHRIWKHZDWHUVDWXUDWLRQSURFHVVDUHFRPSLOHGLQ7DEOH
7KHGHQVHFOD\LQVLGHWKHSHUIRUDWHGWXEHWKDWVLPXODWHVDVXSHUFRQWDLQHUZDVSUHSDUHGIURP+ROPHKXVFOD\WKDWKDG
EHHQIXOO\VDWXUDWHGZLWKµ¶GU\ZDWHU¶¶%RPKDUG
,W FRQVLVWHGRI D VHULHVRI FRPSDFWHGF\OLQGULFDOEORFNVZLWKPPKHLJKW DQGPPGLDPHWHUZLWK WKH LQLWLDO
GHQVLW\RIWKHVDWXUDWHGFOD\FROXPQEHLQJNJPGU\GHQVLW\NJP



 3RZGHUHGIRUPRIZDWHUGURSOHWVFRQILQHGE\YHU\ WKLQVKHOOVRIK\GURSKRELF IXPHGVLOLFDSDUWLFOHVPDNLQJXS OHVV WKDQRI WKHVROLG
VXEVWDQFH7KHVKHOOVEUDNHDWFRPSDFWLRQRIWKHPL[WXUHWKH³VXEPLFURVFRSLF´IUDJPHQWVEHLQJXQLIRUPO\GLVWULEXWHGLQWKHFOD\

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        
155 Ting Yang et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  152 – 158 
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2.2  Experimental setup 
 
,QWKHODEH[SHULPHQWVDVHWRIFRPSRQHQWVVKRZHGLQ)LJZDVLQVWDOOHGIRUVLPXODWLQJWKHLQVLWXVLWXDWLRQVIRUD
9'+7KHSHUYLRXV DFU\ODWHVWDELOL]HG VDQG WXEH UHSUHVHQWLQJZDWHU VDWXUDWHG URFNZDVNHSW VDWXUDWHGGXULQJ WKH
WHVWV 7KH SHUIRUDWHGPHWDO WXEH VLPXODWLQJ D VXSHUFRQWDLQHUZDV FORVHG DW WKH HQGV DQG ULJLGO\ FRQILQHG E\ HQG
SODWHVRIVWHHOEROWHGWRJHWKHUIRUUHVLVWLQJWKHVZHOOLQJSUHVVXUHWKDWFRXOGJHQHUDWHDQH[SDQVLYHIRUFHRIPRUHWKDQ
WRQIRUFHLQORQJWHVWV

 


)LJDDFU\ODWHVWDELOL]HGVDQGWXEHDQGSHUIRUDWHGPHWDOWXEH )LJEFRPSOHWHVHWXSUHDG\WREHVXEPHUJHGLQZDWHU/RQJLWXGLQDOVHFWLRQ

2.2.1  Acrylate-stabilized sand tube 
 
,QRUGHUWRVLPXODWHWKHZDWHUSURYLGLQJDQGVXSSRUWLQJURFNVXUURXQGLQJD9'+DUWLILFLDOURFNZDVFRQVWUXFWHGE\
XVLQJVDQGZLWKPD[LPXPRIPPJUDLQVL]HDQGVWDELOL]LQJLWZLWKDUDOGLWHJOXHLQDUDWLRRI7KHPL[WXUH
ZDVILOOHGLQWKHJDSEHWZHHQDQRXWHUDQGLQQHUIRUPVHSDUDWHGE\PPFXUHGLQDQRYHQDW&IRUDERXW
KRXUV7KHDUWLILFLDOURFNF\OLQGHUVKDYLQJDQLQQHUGLDPHWHURIPPDQRXWHUGLDPHWHURIPPDQGD
KHLJKWRIPPZHUHIRUPHG7KHLUK\GUDXOLFFRQGXFWLYLW\ZDVPHDVXUHGDQGHVWLPDWHGWREHDERXWÂPV

2.2.2  Supercontainer 
 
7KH VWHHO WXEH KDG D SHUIRUDWLRQ GHJUHH RI  D WKLFNQHVV RI  PP DQG WKH VDPH KHLJKW DV WKH VXUURXQGLQJ
DUWLILFLDOURFN'HQVHFOD\EORFNVZHUHSUHSDUHGIURP+ROPHKXVFOD\E\PL[LQJDLUGU\FOD\JUDQXOHVZLWKDJUDLQ
VL]HUDQJLQJIURPDERXWȝPWRPP)XOOHUW\SHGLVWULEXWLRQDQGµ¶GU\ZDWHU¶¶FRQVLVWLQJRIWDSZDWHUDQG
VLOLFRQGLR[LGH7KH\ZHUHWKHQFRPSDFWHGWRDWRWDOGHQVLW\RINJPDWFRPSOHWHVDWXUDWLRQ

2.2.3  Clay mud 
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&OD\PXGZDVSUHSDUHGE\+ROPHKXVFOD\ZLWKFLW\WDSZDWHU7KHPXGKDGDWRWDOGHQVLW\RINJPDQGZDV
ILOOHGLQWKHURFNF\OLQGHUEHIRUHWKHSODFHPHQWRIWKHVXSHUFRQWDLQHU7KHVXSHUFRQWDLQHUZLWKGHQVHFOD\ZDVIRUFHG
GRZQLQWRWKHIUHVKO\SUHSDUHGFOD\PXGIROORZHGE\WLJKWO\FRQQHFWLQJWKHHQGSODWHV

2.3  Test procedure and program  
 
7KH WUDQVSRUW SKHQRPHQD LQ WKLV V\VWHP ZHUH WKH PLJUDWLRQ RI FOD\ SDUWLFOHV IURP WKH GHQVH FOD\ WKURXJK WKH
SHUIRUDWHGVXSHUFRQWDLQHU LQWR WKHPXGFDXVLQJFRQVROLGDWLRQRI LWDQGVLPXOWDQHRXVPLJUDWLRQRIH[SHOOHGZDWHU
IURPWKHPXGWRWKHGHQVHFOD\7KHVHPHFKDQLVPVZHUHH[SHFWHGWRSURYLGHVXFFHVVLYHGHQVLILFDWLRQRI WKHPXG
DQGVRIWHQLQJRIWKHGHQVHFOD\7KHPDMRUPHFKDQLVPVKLQGHULQJWKHVHSURFHVVHVZHUHWKHUHGXFWLRQRIWKHFRQWDFW
DUHD EHWZHHQ PXG DQG GHQVH FOD\ FDXVHG E\ WKH SHUIRUDWLRQ RI WKH VXSHUFRQWDLQHU WKH VXFFHVVLYHO\ UHGXFHG
K\GUDXOLF FRQGXFWLYLW\ RI WKH PXG DQG WKH FKDQJHG PLFURVWUXFWXUDO WRUWXRVLW\ RI WKH WZR FRQWDFWLQJ FOD\
FRPSRQHQWV,QHDFKRIWKHWHVWVWKHV\VWHPVRIURFNF\OLQGHUVFRQWDLQLQJDPRGHOVXSHUFRQWDLQHUZLWKGHQVHFOD\
VXUURXQGHGE\PXGZHUHOHIWWRPDWXUHIRUDQGGD\V7KHVWHHOOLGVZHUHWKHQUHPRYHGDQGWKH
VXSHUFRQWDLQHUV H[WUXGHG ZKLOH PHDVXULQJ WKH UHTXLUHG IRUFH 1XPHURXV VDPSOHV RI WKH FRQVROLGDWHG PXG DQG
GHQVHUFOD\LQWKHFRQWDLQHUVZHUHWDNHQIRUGHWHUPLQLQJWKHGHQVLW\DQGZDWHUFRQWHQWDWGLIIHUHQWGLVWDQFHIURPWKH
FRQWDLQHUV

5HVXOWV

3.1 Shear strength of the clay components 
 
)LJ VKRZV WKDW WKH VKHDU UHVLVWDQFHJRLQJGRZQD VXSHUFRQWDLQHU LV ORZ LQLWLDOO\EXW ULVLQJVLJQLILFDQWO\DIWHU
KRXUV

)LJ*UDSKVKRZLQJWKHLQFUHDVHVKHDUUHVLVWDQFHWRH[SXOVLRQRIPRGHOVXSHUFRQWDLQHU

7KHHYROXWLRQRIWKHVKHDUUHVLVWDQFHIRUUHDOVXSHUFRQWDLQHUVGHSHQGVRQWKHLUZHLJKW$QDVVXPSWLRQLVPDGHKHUH
WKDW WKHLURXWHUGLDPHWHU LVPDQG WKHLU OHQJWKPZKLFK LVQHHGHGIRUFDQLVWHUVZLWKP ORQJURGVRIVSHQW
UHDFWRUIXHO%:53:5RU%:5HOHPHQWV7KHVHOIZHLJKWLVWRN1GHSHQGLQJRQWKHPHWDOXVHG
7KHZHLJKWLQDLURIDQPORQJVXSHUFRQWDLQHUILOOHGZLWKRQO\FOD\LVHVWLPDWHGWREHN17KHJUDSKLQ)LJ
VKRZVWKHQXPEHURIFRXSOHGFRQWDLQHUVUHTXLUHGIRUVLQNLQJXQGHUWKHLURZQZHLJKW
7KHJUDSKLQ)LJVKRZVWKDWOHWWLQJDVXSHUFRQWDLQHUGRZQLQWKHPXGJHQHUDWHVDVKHDUUHVLVWDQFHRIDFRXSOHRI
WHQWKVRIN3DDQGDWRWDOVKHDUIRUFHRIWRN13XVFK7KHZHLJKWRIRQHVXSHUFRQWDLQHULVVHYHUDO
WLPHVKLJKHUWKDQWKHPRELOL]HGVKHDUIRUFHDQGKHQFHLWZLOOVLQNLQWKHPXG6WRSVIRUH[WHQGLQJWKHGULOOLQJURG
ZKLFK LVXVHGIRUVXSHUFRQWDLQHUKDQJLQJVWDUWVFRQVROLGDWLRQRI WKHPXGEXW WKLVZRXOGFDXVHQRSUREOHPVLQFH
HYHQIRUKRXUORQJVWRSVWKHPRELOL]HGVKHDUIRUFHZLOOEHOHVVWKDQWKHIRUFHFDXVHGE\LWVHIIHFWLYHZHLJKW'HHS
WUHQGOLQH
\ [






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GRZQWKHVWRSVDUHORQJHUEXWVWDJQDWLRQRIPRYHPHQWRIWKHVXSHUFRQWDLQHUVLVQRWH[SHFWHGXQWLODIWHUDFRXSOHRI
GD\V )RU HYHQ ORQJHU VWRSV  FRXSOHG VXSHUFRQWDLQHUVPD\ EH UHTXLUHG )LJ7KH QXPEHU RI FRQWDLQHUV IRU
HDFKFDPSDLJQPXVWKHQFHEHGHFLGHGLQDGYDQFHWDNLQJLQWHUUXSWLRQVDQGSRVVLEOHSUREOHPVLQWRDFFRXQW7KHWLPH
IRU LQVWDOODWLRQ RI DOO VXSHUFRQWDLQHUV LQ D  NP GHHS9'+ZRXOG EH D FRXSOH RIPRQWKV )LJ  VKRZV WKH GU\
GHQVLW\DWGLIIHUHQWGLVWDQFHVIURPWKHV\PPHWU\D[LV

)LJ5HTXLUHGQXPEHURIVXSHUFRQWDLQHUVZLWKFOD\IRUVLQNLQJLQVPHFWLWHPXGZLWKGHQVLW\RINJP


)LJ'U\GHQVLW\DWGLIIHUHQWGLVWDQFHVIURPWKHD[LVRIV\PPHWU\DVDIXQFWLRQRIWLPH

3.2 The maturation process - water migration in clay  

2QWKHILUVWGD\WKHDYHUDJHGU\GHQVLW\RIWKHPXGLQFUHDVHGIURPLQLWLDONJPWRDERXWNJPZKLOHWKH
DYHUDJHGU\GHQVLW\ZLWKLQ WKH RXWHUPPSDUW RI WKHGHQVH FOD\ LQVLGH WKHPRGHO VXSHUFRQWDLQHUGURSSHG IURP
LQLWLDONJPWRDERXWNJP$IWHUGD\VVRPHIXUWKHULQFUHDVHLQDYHUDJHGU\GHQVLW\RIWKHPXGFRXOG
EHREVHUYHGZKLOHWKHGU\GHQVLW\RIWKHFOD\FROXPQEHFDPHNJPZLWKLQWKHRXWHUPPSDUW$IWHUGD\V
WKHPXGZDVDOLWWOHGHQVHUZKLOHWKHFOD\FROXPQUHWDLQHGLVGHQVLW\DERXWNJP
$VH[SHFWHGWKHUDWHRIPDWXUDWLRQZDVFRQWUROOHGE\WKHUDWHRIPLJUDWLRQRIZDWHUIURPWKHPXGWRWKHGHQVHFOD\

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